The genetic basis of autoimmune thyroid disease (AITD), which includes Graves' disease (GD) and Hashimoto's thyroiditis (HT), is thought to be polygenic. 
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INTRODUCTION
Autoimmune thyroid disease (AITD) is a multifactorial disease with a significant genetic and environmental component ( Fig. 1 ). These factors cause the impairment of self tolerance to thyroid autoantigens and eventually develop AITD. The genetic factors have been shown by twin studies and familial aggregation, including clustering of Graves' disease (GD) and Hashimoto's thyroiditis (HT) within the same families (Fig. 2) [1~3]. In GD, relative risk of the first-degree relatives has been reported between 16 to 26 in Caucasians. We found that, it was 19-42 in Japanese population, the relative risk of siblings, λs, was approximately half of them, 7.5-15. More obviously, GD develops much more often in monozygotic twins than dizygotic twins. Also in animal models, genetic components were suggested in both experimental and spontaneous models. Their genes include major histocompatibility complex (MHC) and other genes. Thus, existence of genetic factors in AITD is strongly suggested.
We expect that genetic study of AITD will provide us several valuable information. First of all, genetic study definitely contributes to the clarification of pathogenesis of AITD. It will also be helpful to investigate environmental factors. Secondly, genetic study will be useful for estimation and prevention of disease development. Genetic difference may determine susceptibility of drug-or food-induced thyroid dysfunction and postpartum hypo-or hyperthyroidism. Thirdly, genetic study will provide valuable information on treatment. It is well known that response to anti-thyroid drug is variable among Graves' patients, and that side effects of anti-thyroid drugs are not rare and sometimes very severe. Genetic information will be helpful to obtain good response and to avoid side effects of drug treatment.
There are two approaches to identify genetic factors, candidate gene approach and genome-wide screening.
From a viewpoint of DNA samples, two methods, case-control study and family study are commonly used.
By using these methods and subjects, susceptibility genes of AITD have been searched widely over the world. Further, for two SNPs, 49A/G SNP and a SNP located 3' downstream of exon 4, functional analyses were attempted [18, 19] .
In 49A/G SNP, which is located in the signal sequence, G/G genotype is associated with AITD [7] . Reflecting this, proliferation of peripheral T lymphocytes was higher in patients with G/G genotype than in other genotypes [18] . HLA is a key molecule to discriminate self from non-self and essential to immunotolerance mechanism. Therefore, it is no doubt that HLA is one of genetic factors for autoimmune diseases including AITD. In fact, strong association of DR3 with AITD was demonstrated in Caucasians [8, 20] . Also in Asians, association of HLA with AITD was reported. For example, in Japanese, association of DPB10501, A2 and DQ0501 was found [20] . However, there remain several problems and questions for HLA in Asian population. Because association of HLA in Asians is much weaker than that in Caucasians, it is doubtful whether HLA is a major gene of AITD in Asians or not. Finally, functional analysis has not thoroughly been performed. There several questions and problems that remain to be answered.
Genome-wide Screening: 5q31-q33 & 8q23-q24
Sakai et al. carried out affected sib-pair linkage analysis using 113 Japanese AITD families [16] . Most families had two affected siblings. Some families were mixed with GD and HT patients. They searched susceptibility loci genome-widely using 392 microsatellite markers, which are about 10 cM-spaced. They found suggestive linkage to AITD at two loci, which gave high LOD scores more than 3. One was 5q31-q33, in which LOD scores to AITD and GD were 3.1 and 1.5, respectively. The other locus was 8q23-q24, in which LOD scores to HT and AITD were 3.8 and 2.3, respectively. 5q31-q33 region is intriguing because cytokine cluster including IL3, GM-CSF, IL13, IL4, and IL9 are located (Fig. 5) . Other genes related to immunoregulation including interleukin related factor 1 (IRF-1), CD14 and beta-2 adrenergic receptor are also present in this locus. In fact, this locus was raised as a possible susceptibility locus for several autoimmune and allergic diseases including atopy and asthma [21~24] . Also in AITD, association of several SNPs of genes located in this locus including IL13, IL4 and IRF-1 was reported[9,24~27]. Therefore, we attempted to narrow this locus to identify a susceptibility gene of AITD by using many genetic markers located in this locus [28] . However, so far, we have not succeeded. This is possibly because the susceptibility gene in this locus is too minor to identify with limited genetic markers and subjects. Alternatively, because many immune-related genes are present in this locus, not a single but multiple genes in this locus may contribute and interact each other.
In this case, it is difficult to identify a gene by searching a strong association or linkage.
In contrast, Shirasawa et al. succeeded in finding a susceptibility gene in 8q23-q24 locus [29] . This region is interesting because thyroglobulin gene is located. They showed strong association with GD, while SNPs in other blocks showed only limited evidence for association.
Therefore, we performed haplotype analysis using block 3
SNPs. In case-control haplotype association analysis using Since SNPs and subjects that they used were completely different from ours, it is impossible to compare their results directly with ours. In fact, the positions of blocks that they found were different from ours. However, it is certain that TSHR is emerging as a GD-specific susceptibility gene. Further fine mapping and functional analysis are necessary to identify the etiological variants. (Fig. 8) . All except TSHR are common to GD and HT.
TSHR gene is, so far, the only disease-specific gene.
However 
